Abstract Cystatin C is an emerging parameter for the assessment of renal allograft function. The objective of the study was to compare the efficacy of serum cystatin C (SCys) with the established parameter serum creatinine (SCr) in the assessment of renal function in renal transplant recipients (RTR). The glomerular filtration rate (GFR) of 30 renal transplant patients and 29 control subjects was determined using 99m Tc Diethylene-triamine-penta-acetate (DTPA) method. SCr was measured using an automated Jaffe's assay and SCys was measured using latex particle enhanced turbidimetric immuno assay (PETIA). The modification of diet in renal disease (MDRD) formula was used to calculate GFR from SCr, while the Le Bricon formula was used to derive GFR based on SCys. Statistical analysis was performed using MedCalc software. SCr and SCys levels were significantly higher, while DTPA clearance was significantly lower in RTR (P \ 0.0001) when compared with controls. The correlation coefficient (r value) between calculated GFR based on MDRD method and DTPA clearance was 0.343 (P = 0.06) while the calculated GFR based on Le Bricon formula was 0.694 (P \ 0.001). The results have shown that SCys is a better parameter than SCr in assessing renal function in RTR. The inclusion of SCys as an additional parameter would certainly help in detection of even a marginal decline in renal function and also in adjusting the dosage of immunosuppressive drugs.
Introduction
Laboratory evaluation of renal allograft function is an essential tool in assessing the progression of renal transplant recipients (RTR). Timely detection of even a marginal decline in renal allograft function is critical in the management of patients after transplantation. Determination of glomerular filtration rate (GFR) is considered to be the best parameter for assessing the functioning of the grafted kidney. The so called ''gold standard'' methods are based upon the measurement of the clearance of radio contrast agents such as 51 Cr EDTA, and iohexol. However these methods are laborious, complex and expensive and might even be hazardous in a patient who has undergone renal transplantation. Till date, the assessment of renal function adequacy in RTR is based solely upon the estimation of SCr. Adjustments of the dosage of immunosuppressive drugs are based upon the value of SCr [1] . A clinically significant increase in SCr may not be detected until the GFR has declined by 25% or more [2] . Also SCr is affected by several non-renal factors such as age, gender, race, muscle mass, diet and catabolic state. Numerous commonly used drugs or endogenous substances interfere with the measurement of SCr leading to falsely high or low creatinine values [3] . Secretion and reabsorption of creatinine by the renal tubule could lead to under or over estimation of GFR [4] .
SCys has been proposed as an alternative marker of GFR. Cystatin C is a 122 amino acid, 13 kDa protein and a cysteine protease inhibitor. It is the product of a ''housekeeping'' gene expressed in all nucleated cells and is produced at a constant rate. Cystatin C is freely filtered by the glomerulus. It is not secreted, but is reabsorbed by the proximal tubular cells and subsequently catabolized so that it does not return to the circulation [5] . Cystatin C is independent of muscle mass, sex and age [6] .
In present study, we set out to compare the efficacy of SCr and SCys in the assessment of renal function in RTR. Furthermore the performance characteristics of the calculated GFR values based on SCr and SCys was to be compared with the GFR determined by the Diethylenetriamine-penta-acetate (DTPA) method.
Materials and Methods

Subjects
The study was conducted on two groups of human subjects; a control group consisting of 29 healthy human adults and an RTR group which consisted of 30 patients who had undergone renal transplantation. Only those with a posttransplantation period exceeding 6 months and a stable renal function were included in the RTR group. Ethical clearance for this study was obtained from the Ethical Committee of our institution.
Samples of blood were collected from all subjects when they attended the outpatient clinic for regular follow-up. Blood was drawn using vacutainers (Becton-Dickinson USA) containing a clot activator and the serum obtained was used for the estimation of SCr and SCys.
SCr was measured using an automated Jaffe's assay on the Olympus AU 400 (Olympus Optical, Tokyo, Japan) analyzer as described previously [7] . SCys was measured using particle enhanced turbidimetric immuno assay (PETIA) method from Gentian (Gentian AS, Moss, Norway) performed on an Olympus AU 400 (Olympus Optical, Tokyo, Japan) as described previously [7] .
GFR was determined by DTPA renal dynamic imaging using modified Gate's method. The technique is based on the fact that the fractional renal uptake of intravenously administered DTPA within 2-3 min after radio tracer arrival within the kidneys is proportional to the GFR. After image acquisition, the GFR was automatically calculated by computer according to Gate's algorithm [8] .
Formulae used for calculation of GFR Several formulae have been described for the calculation of GFR based on SCys; amongst these the Le Bricon formula is specifically used for RTR.
• Le Bricon formula, GFR = 78 9 1/Scys ? 4 [10] .
Statistical Analysis
Statistical analysis was performed using MedCalc software. The correlation between the SCr and SCys was calculated by Pearson's correlation coefficient. Diagnostic sensitivity and specificity were studied using ROC curves. The similarities between the various GFR indices and agreement with measured DTPA clearance were assessed using Bland and Altman plots.
Results
The study has demonstrated that SCr as well as SCys levels were significantly higher in RTR (P \ 0.0001) when compared with controls. Similarly DTPA clearance and the calculated GFR based on modification of diet in renal disease (MDRD) and Le Bricon formulae were significantly lower in RTR as compared with controls (Tables 1, 2 ). Both 1/SCr and 1/SCys showed a significant correlation with DTPA clearance. However the Pearson's correlation coefficient (r value) for 1/SCys was 0.635 (P \ 0.0001) while for 1/SCr, it was 0.497 (P = 0.005) (Fig. 1a, b) . The correlation coefficient (r value) between calculated GFR based on MDRD method and DTPA clearance was 0.343 (P = 0.06) while the calculated GFR based on Le Bricon formula was 0.694 (P \ 0.001). Figure 2a and b show the ROC curves for SCr and SCys, MDRD formula and Le Bricon formula at cut off value of 60 ml/min/1.73 m 2 for DTPA clearance. Table 3 shows that, the area under curve for SCr was 0.834 (P = 0.0001) whereas for SCys it was 0.968 (P = 0.0001). The area under curve for SCr based on MDRD formula was 0.820 (P = 0.0001) whereas Le Bricon formula was 0.968 (P = 0.0001). An SCr level of 1.2 mg/dl was the one having the best predictive value for assessing post transplant renal function with 83% sensitivity and 54% specificity. The best predictive value for SCys was with a level of 1.26 mg/l, with 95% sensitivity and 93% specificity. Fig. 1 Correlation a between 1/SCr and DTPA clearance and b between 1/SCys and DTPA clearance Fig. 2 The performance characteristics of a SCr and Scys was analyzed using ROC curves in order to ascertain their sensitivity and specificity at the cut off value of \60 ml/min/1.73 m 2 DTPA and b MDRD and Le Bricon was analyzed using ROC curves in order to ascertain their sensitivity and specificity at the cut off value of \60 ml/min/1.73 m 2 DTPA clearance AUC Area under curve; Sn sensitivity; Sp specificity * P value significant between SCr and SCys ** P value significantly difference between MDRD and Le Bricon formulae
The criterion value corresponds to the calculated GFR estimate with the higher accuracy (minimal false negative and false positive results). Therefore the closer the criterion values to the cut off for DTPA clearance, the better the calculated GFR. Our results indicate much closer value 62.64 ml/min/1.73 m 2 for the Le Bricon formula to identify GFR B60 ml/min/1.73 m 2 .
Discussion
In this study, we have compared the performance characteristics of SCr, SCys and DTPA clearance for the assessment of renal function in RTR. The mean SCr was found to be lower than the upper limit of reference range (1.5 mg/dl) while the mean SCys was found to be higher than the upper limit of reference range (1.01 mg/l) of our hospital. A comparison of the individual SCr and SCys showed that in the RTR group only five patients had values greater than 1.5 mg/dl for SCr while 28 patients had values higher than the 1.01 mg/l for SCys. This is a clear indication that dependence on SCr alone could lead to a failure to detect mild decline in renal function in RTR. The Pearson's correlation coefficient evaluates the usefulness of SCys over the whole spectrum of renal dysfunction in order to assess whether this analyte shows a parallel rise as the GFR falls. SCys showed a higher correlation than SCr with DTPA clearance, which is commonly used in South India for the determination of GFR. Similar results have been reported by Keevil et al. [11] and Risch et al. [12] who found a better correlation between SCys and GFR than between SCr and GFR.
ROC Curves
ROC analysis is now a standard tool to assess, define, and compare the diagnostic validity of tests. This statistical parameter also showed that SCys had greater accuracy than SCr at detecting GFR \60 ml/min/1.73 m 2 ; there was a significant difference for the area under the curves between SCys and SCr (P = 0.044). Our findings are in agreement with Christensson et al. [13] , who found that cystatin C had a significantly higher sensitivity than the serum creatinine in the ability to detect a fall in the GFR \60 ml/min in renal transplant subjects.
The current guidelines K/DOQI emphasize the need to assess kidney function using predictive equations rather than just SCr; the most widely used are the Cockcroft and Gault and MDRD formulae [14] . Similarly, several formulae have also been proposed for estimating GFR based upon SCys including the Le Bricon formula [15] . In this study, a comparison has been made between the predictive equations for GFR namely the SCr based MDRD formula and SCys based Le Bricon formula. Between the two, the Le Bricon formula showed a better correlation with DTPA clearance than the MDRD formula. White et al. [16] have also shown that the Le Bricon formula was best suited for RTR.
To conclude, the results have clearly shown that SCys is a better parameter than SCr in assessing renal function in RTR. Currently, almost all hospitals in India rely upon the results of SCr, in the immediate post transplant period, as well as for the long time follow-up of RTR. The inclusion of SCys as an additional parameter would certainly help in detection of even marginal decline in renal function and also in adjusting the dosage of immunosuppressive drugs.
The limitation of this study was that SCys was determined only once in each patient in the RTR group. Larger studies in which serial determinations of SCys during the follow-up of RTR subjects would reveal a better role of this parameter to detect rejection at an early stage.
